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Artemis: Landing Humans On the Moon



Artemis Base Camp Buildup





Building a Sustainable Presence on the Moon

• What infrastructure are we going to need?

launch/landing pads

roads

habitats, refineries, 
green houses

power plants

blast shields



Moon-to Mars Planetary Autonomous Construction Technologies (MMPACT) Overview

GOAL
Develop, deliver, and demonstrate on-demand capabilities to 
protect astronauts and create infrastructure on the lunar surface 
via construction of landing pads, habitats, shelters, roadways, and 
blast shields using lunar regolith-based materials.

MMPACT is structured into three interrelated elements:
1. Olympus Construction Hardware Development
2. Construction Feedstock Materials Development
3. Microwave Structure Construction Capability (MSCC)

OBJECTIVES
• Develop and demonstrate additive construction capabilities for various structures as materials 

evolve from Earth-based to exclusively In Situ Resource Utilization (ISRU)-based.
• Develop and demonstrate approaches for integrated sensors and process monitoring in support 

of in situ verification & validation of construction system and printed structures.
• Test and evaluate Olympus and MSCC products for use in the lunar environment.
• Validate that Earth-based development and testing are sufficient analogs for lunar operations



MMPACT – Current Partners
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Autonomous Construction: Materials and Concepts for the Lunar Outpost
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Regolith-based Materials and Processes:

• Cementitious

• Geopolymers/Polymers

• Thermosetting materials

• Regolith Melting/Forming

• Laser sintered

• Microwave sintered

SEArch+ Concept courtesy of ICON’s Architecture Study 

Image courtesy of ICON

Bjarke Ingels Group Concept courtesy of ICON’s Architecture Study 



• Controlled molten extrusion under vacuum from ICON’s 
molten regolith extrusion system. 

• Vacuum-cast specimens, using ICON’s molten regolith extrusion system.

• Laser direct energy deposition process building a layer of a test specimen (brick).

• Laser direct energy deposition, additively constructed test specimen (brick).

• First high vacuum 
microwave sintering result 
showing solid sintered 
CSM-LHT-1G tile 
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Early Process Development Results
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• Establish a proof of concept for one 
or more materials/processes.

• Validate general material use and 
process viability for longer-term and 
more complex missions.

• Address technology gaps required for 
advancements in future autonomous 
construction capabilities. 

Objectives:

Initial Construction Technology 
Demonstration Mission



Phase 1:
Develop & demonstrate 
excavation & construction 
capabilities for on-demand 
fabrication of critical lunar 
infrastructure such as landing 
pads, structures, habitats, 
roadways, blast walls, etc.

Phase 2: Establish lunar infrastructure construction 
capability with the initial base habitat design structures.

Phase 3: Build  
the lunar base 
according to master 
plan to support the 
planned population 
size of the first  
permanent 
settlement (lunar 
outpost).

Phase 4: Complete build-out of the lunar base 
per the master plan and add additional structures 
as strategic expansion needs change over time.

Phase 4: Complete build-out of the lunar base 
per the master plan and add additional structures 
as strategic expansion needs change over time.

Lunar Construction Capability Development Roadmap
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www.nasa.gov/spacetech



Initial Construction Technology Demonstration Mission, 

Candidate for Flight on DM-1 ( 2026 )

Construction Roadmap

• Demonstrate downselected construction technique utilizing ISRU materials at small 

scale from lander base (horizontal and vertical subscale “proof of concept” elements )

• Results are  critical to inform future construction demonstrations & characterize 

ISRU-based materials and construction processes for future autonomous construction 

of functional infrastructure elements

• Demonstration of remote/autonomous operations

• Initial demonstration of instrumentation and material

• Validation that Earth-based development and testing are 

sufficient analogs for lunar operations

• Anchors analytical models

• Rationale: Must prove out initial construction 

concept in lunar environment

Outcome

• TRL 6 achieved for autonomous ISRU consolidation into densified, 

subscale horizontal and vertical demonstration products  

• TRL 9 for limited hardware and instrumentation that will be used on later missions PRELIMINARY PLANNING
SUBJECT TO REVIEW


